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(71) We, Hazeltine Corporation, a 
Corporation organised and existing under the 
laws of 'the State of Delaware, United States 
of America, of 59-25 'Little Neck Parkway, 

5 Little Neck, New York 11362, United States 
of America, do hereby declare ithe invention, 
'for which we pray that a patent may be grant- 
ed to us, and die method by which it is to 
be reformed, to be particularly described in 

1 0 and by die following statement : — 

Electromagnetic communication systems 
often require a high effective radiated power. 
This may be accomplished by utilizing a very 
higher power transmitter with an omnidirec- 

15 tional antenna or a lower power Transmitter 
with a high gain antenna. For reasons of power 
consumption, particularly in systems mounted 
in an aircraUt, the high (power transmitter is 
usually impractical and a high gain antenna 

20 is required. 

A high gain antenna, by its definition, has 
a narrow beam. In order that its gain may 
be used to advantage, it is necessary that the 
beam be steerable in space so that the power 

25 may be radiated in a desired direction. For 
use in a high performance aircraft, .there is 
the further requirement that the antenna be 
flush mounted in order to avoid deterioration 
of aircraft performance that might result from 

30 the disturbance of the aerodynamic charac- 
teristics by a protruding antenna. 

One type of high gain antenna is a parabolic 
rfrector and feed which is mechanically rotat- 
ed by a system of gimbals or similar method. 
~ The mechanically rotated reflector character- 
istically occupies a different volume of space 
for each beam position and accordingly does 
not remain flush wMi the surface on which 
it is mounted for all beam positions. A flush 
mounted antenna is desiralble for many appli- 
cations and as started above as virtually essen- 
tial for high speed, high performance aircraft. 
A phased array in which the beam is steered 
by varying the phase of the energy coupled 

45 to each of the radiating elements is a high 
gain flush mourned antenna. However, a 
phased array having the desired beam width 
and steering resolution requires hundreds of 



individual radiators and associaJted phase 
shifters. The phase shifters are a very expen- 50 
sive item, particularly phase shifters than oper- 
ate in the upper portion of *ihe frequency spec- 
<trum. A fully phased array suitable for mount- 
ing on an aircraft therefore could be prohibit- 
ably expensive. 55 

Objects of the present invention therefore 
are to provide new and improved high gain 
antennas which remain flush with ithe mount- 
ing surface over a range of scan angles and 
to provide such an antenna which does not go 
require a phase shifter for each radiating ele- 
ment. 

In accordance with the present invention 
■there is (provided a rotaitable Directional anten- 
na which remains substantially flush wMi adja- 65 
cent surfaces over a range of beam positions 
which comprises means for supplying RF 
energy which is to be propagated; an array of 
radiating elements responsive to the supplied 
RF energy for collectively propagating a nar- 70 
row beam of electro-magnetic energy; first 
means for varying the phase of the energy sup- 
plied to one or more of the radiating means 
so as to cause 'the narrow beam of electro- 
magnetic energy to be positioned at different 75 
beam angles, all of the beam positions lying 
in a plane which includes the broadside axis 
of the array; and second means for rotating 
the array of radiating elements about the 
broadside axis of the array for causing the 80 
plane within which the beam position can be 
varied to rotate about the axis while the anten- 
na remains substantially (flush with 'the adja- 
cent surfaces; whereby the antenna remains 
substantially flush with the adjacent surfaces 35 
as the narrow beam of electromagnetic energy 
scans a region in space. 

For a becter understanding of the present 
invention, reference is had to 5ie following de- 
scription taken in conjunction with the accom- 90 
panying drawings, and its scope wiBl be point- 
ed out in the appended claims. 

Referring to die drawings: 

Fig. 1 is a top view of a large scale rotatable 
antenna constructed in accordance with die 95 
present invention in which the radiating ele- 
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ments are arranged on a circular mount; 

Fig. 2 is a small scale antenna constructed 
in accordance with the present invention in 
which the radiating elements are arranged on 
5 a square rotatable mount; 

Fig. 3 is a side view of the Fig. 2 antenna; 
Fig. 4 is a schematic representation of the 
antenna illustrated in Figs. 2 and 3; 
Fig. 5 is a perspective view of an antenna 
10 constructed in accordance with 'the present in- 
vention which illustrates the two types of scan- 
ning techniques; 

Fig. 6 is an illustration of a column power 
divider which may be utilized in the Figs. 2- 
15 4 antennas; and 

Fig. 7 is an illustration of a row power di- 
vider which may be utilized in the Figs. 2- 
4 antennas. 

Fig. 1 is a top view of a phased array anten- 
20 na system constructed in accordance with the 
present invention. The antenna system includes 
an array of radidating elements 10 arranged 
in a plurality of parallel columns L of elements 
'10 for propagating a narrow beam of electro- 
25 magnetic energy. The antenna system also in- 
cludes an impedance matching structure con- 
sisting if a thin sheet of dielectric material 11 
parallel to and separated from the array of 
radiating elements 10 and a plurality of thin 
30 flat strips of conductive material 12 mounted 
on dielectric sheet 11, said conductive strips 
collectively having dielectric characteristics 
over the desired range of wavelengths for pro- 
viding impedance matching between the array 
35 cf radiating dements 10 and free space. The 
dielectric sheet 11 and its associated conduc- 
tive strips 12 are coextensive with the entire 
array of elements 10. However, a portion of 
the sheet 11 has been removed in Fig. 1 in 
40 order to illustrate the arrangement of radiating 
elements 10. 

Fig. 2 is a top view of a second antenna 
system constructed in accordance with the pre- 
sent invention. The Fig. 2 system also includes 
45 a plurality of radiating elements 10 arranged 
in a plurality of parallel columns L and a 
dielectric sheet 13 with associated conductive 
strips 14. As in Fig. 1, the dielectric sheet 
13 is coextensive with the face of the array 
50 of radiating elements 10. However, even a 
larger portion of the sheet 13 has been re- 
moved in Fig. 2 to more clearly illustrate the 
arrangement cf radiating elements 10. Fig. 2 
also illustrates rotary mount 15 on which the 
55 radiating elements 10 are mounted and syn- 
chronous motor 18. 

Both the Figs. 1 and 2 embodiments employ 
the invenrive concept described herein. The 
principal difference between these embodiments 
60 is in the number of radiating elements 10 and 
associated hardware required to couple energy 
to each of the radiating elements 10. The func- 
tion and operation of each of these systems 
is substantially the same. The Fig. 1 embodi- 
65 ment, having a considerably larger number of 



radiating elements 10, is capable of providing 
a narrower radiating beam and finer steering 
resolution. The Fig. 2 embodiment, having 
fewer radiating elements 10, is a simpler and 
less expensive system. In order to facilitate un- 70 
demanding of the present invention, the re- 
mainder of this description is directed to the 
Fig. 2 antenna but it will be apparent that 
an antenna system can be constructed in ac- 
cordance with the present invention with fewer 75 
radiating elements 'than in Fig. 2 or with a 
greater number of radiating elements as is 
illustrated in Fig. 1. 

Fig. 3 is a side view of the Fig. 2 anrenna 
illustrating the radiating elements 10, dielectric 80 
sheet 13, rotary mount 15, signal processing 
circuis 16, rotary joint 17 and synchronous 
motor 18. 

Fig. 4 is a block diagram schematical repre- 
sentation cf die antenna illustrated in Figs. 2 85 
and 3 and is described in conjunction with 
■those figures. As illustrated in Fig 4 the anten- 
na system includes transmitter means 19 for 
supplying RF energy which is to be propagat- 
ed. Transmitter 19 is of conventional design 90 
and includes the oscillators and amplifiers re- 
quired to supply the radio frequency energy 
which is to be propagated. The output of 
transmitter 19 is coupled to signal processing 
circuit 16 by way of rotary joint 17. Rotary 95 
joint 17 is a conventional coupling device 
which permits transmission of electromagnetic 
energy between two waveguide structures while 
permitting mechanical rotation of one structure. 
As is illustrated in Fig. 3 and will be more 100 
fully explained below, signal processing circuit 
16 is mounted on rotary mount 15 and is 
caused to rotate by synchronous motor 18. 

Signal processing circuit 16 includes column 
power divider means 20 which divides the RF 105 
energy supplied by transmitter 19, by way of 
rotary joint 17, among the columns of radiat- 
ing elements 10, so that energy having substan- 
tially the same phase is coupled to all the ra- 
diating elements 10 that comprise a column 110 
of elements L. As illustrated in Fig. 4, the 
column power divider 20 divides the RF 
energy supplied by transmiter 19 into eight 
parts which are individually coupled from co- 
lumn power divider 20 by leads 21 through - 
28. 

The antenna system also includes steer-ig 
command generator means 29 for providing 
azimuth and elevation information signals 
which in combination define the desired beam 120 
position. Apparatus for providing steering 
commands are conventional in the art provid- 
ing either discrete steering commands or error 
correction signals. For example, if tl$ present 
antenna system were to be utilized to contin- 125 
uously direct a beam of electromagnetic energy 
at a communications satellite, the steering 
command generator 29 wouM be continuously 
provided with position correction signals in 
order to continuously generate the correct azi- 130 
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muth and elevation signals. 

The antenna system also includes beam .po- 
sitioning computer means 30 for deriving from 
the elevation information signal, which is 

5 coupled thereto via rotary joint 17, a plurality 
of phase information signals suitable for con- 
trolling the position of the radiated beam with- 
in an azimuth plane which includes the broad- 
side^ of die axis of rhe array. The beam posi- 

10 Zoning computer 30 produces an output corre- 
sponding to each of the outputs 21 through 
28 of the column power divider 20. 

The antenna system also includes a plurality 
of phase shifters 31-38 each responsive to one 

15 of 'tlhe outputs of column power divider 20 
and one of ithe phase information signals gen- 
erated by beam positioning computer 30 for 
individually controMSng the phase of the energy 
coupled to the radiating elements 10 that com- 

20 prise a column of elements L with respect to 
the phase of the energy coupled to other of 
said iadiaTirrg -dcmcrfts-10-so-as to cause the 
nanrow beam of electromagnetic energy to be 
positioned within said azimuth plane in ac- 

25 ordance wfah said elevation information. 

The antenna system also includes synchro- 
pus motor means 18 responsive to the azimuth 
Moitmatron generated by signal command gen- 
rator 29 for mechanicaMy rotating the rotary 

30 mount 15 about the broadside arts of the array 
so that 'the plane in which the beam is steered 
by varying the phase of the energy coupled 
to the radiating elements 10 is located at the 
desired azimuth. The flush mounted antennas 

35 'thereby remain substantially flush with the ad- 
acent surface as die narrow beam of electro- 
magnetic energy scans a region in space. 

For ease of rotation the square array of ele- 
ents 10 is mounted on a circular rotary mount 

40 15. Any suitable rotary mount may be em- 
loyed. 

Understanding of the operation of the an- 
enna illustrated in Figs. 2-4 will be facilitated 
by an understanding of the basic concepts of 

45 the present 'invention which are illustrated by 
the Fig. 5 antenna. 

Fig. 5 is a perspective view of an antenna 
system constructed in accordance with the pre- 
sent invention which illustrates the manner in 

50 Which the two different scanning techniques, 
rotational and phase shif ting, cooperate to pro- 
vide a^ flush mounted antenna which can scan 
a hemisphere. Fig. 5 only depicts the columns 
L of radiating elements, rotary mount 15 and 

55 motor 18 because the purpose of Fig. 5 is to 
illustrate the 'two types of scanning techniques. 

Since the energy coupled to each of ithe ra- 
diating elements 10 in which column of ele- 
ments L in Figs. 1 and 2 has me same phase, 

60 a column of elements L can be illustrated as 
a single radiating element as in Fig. 5. Each 
of these elements L, if individually excited, 
would produce a fan shaped beam lying in 
the plane defined by arrows A, B, C, D, plane 

65 A B C D being perpendicular to the long axis 



of each of the elements L and including the 
broadside axis of the array A. Excitation of 
all the elements L produces a narrow beam 
of electromagnetic energy which lies in plane 
A B C D. By varying the phase of the energy 70 
coupled to each of the dements L, the position 
of the radiated beam within plane A B C D 
can be controlled, and the radiated 'beam made 
to assume any position within plane ABC 
D above the face of the array. * 75 

Rotation of rotary mount 15 by the activa- 
tion of motor 18 causes scan plane ABC 
D to be rotated about the broadside axis A 
by a corresponding amount. Since the radiated 
beam can be positioned anywhere in scan plane 80 
ABCD, and scan plane A B C D can be 
rotated to any azhnutfi position, the radiated 
beam can be positioned at any location in the 
hemisphere which lies above the face of the 
array. For example, assume it is desired to 85 
radiate in the direction of arrow E which lies 
in the plane which includes the broadside axis 
A and axis FF. The azimuth signal coupled 
to motor 18 causes the rotary mourn and 
consequently scan plane A B *C D to be rotated 90 
about the broadside axis by the angle # so 
that scan plane ABCD includes arrow E. 
Within scan plane A B C D the beam is caused 
to radiate in the direction of arrow E by ad- 
justing the phase of die energy coupled to each 95 
of the elements L as described above in ac- 
cordance with the elevation signal to achieve 
the elevation angle 0. 

Limiting the scanning due to phase shifting 
'to a single plane drastically reduces the 100 
number of phase shifiters required, as com- 
pared to a fully phased array, which drastically 
reduces the cost of the array. It also permits 
scanning in the end-fire direction in all planes 
of scan as will be more fully described below. 105 
Limiting the scanning by mechanical rotation 
to rotation about the broadside axis permits 
•the antenna to have a low profile. The antenna 
occupies the same volume in space for al beam 
(positions and Therefore can remain flush with 110 
the surrounding surfaces over the desired range 
of beam pascions. For example, the antennas 
of Figs. 1 and 2, while propagating out cf 
the plane of the paper remain flush with the 
plane of the paper for all beam positions. 1 15 

With reference do the operation of the an- 
tenna illustrated in Figs. 2—4, the energy to 
be propagated is coupled to rotary joint 17 
from transmitter 19. Rotary joint 17 permits 
coupling of .the energy to rotary mount 15 and 120 
signal processing circuit 16 which is attached 
to rotary mount 15. The RF energy to be ra- 
diated lis coupled from rotary joint 17 to co- 
lumn ipower divider 20, which divides -the RF 
energy ino tight separate componens corre- 125 
sponding to the number of columns of de- 
ments L. 

The column power divider may consist of 
a matrix of T junctions 51—56 as illustrated 
in Fig. 6. Each T junction divides the energy 130 
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coupled to it into two equal parrs. The energy 
coupled from rotary joint 17 is thereby divided 
into eight equal component parts which are 
individually coupled to one of the phase 
5 shifters 31 — 38. Other forms of power dividers 
may also be utilized. Fcr example, for a par- 
ticular application it may be desirable to have 
different or varying amounts of energy on each 
of the outputs 21 — 28 of the column power 
10 divider or to be able to vary the amount of 
energy at each output. The particular require- 
ment will dictate the conf iguration. 

Each of the outputs 21 — 2S of column 
power divider 20 is coupled to one of the phase 
15 shifters 31—38. Phase shifters 31—38 pro- 
vide control of the phase of the energy of 
each column L of elements 10 with respect 
to the others of said column of elements. The 
■phase shifters may be ferrire phase shifters 
20 such as described in "Recent Advances in 
Digital Latching Ferrite Devices", L. R. 
Whicker, 1966 IEEE Convention Record Fart 
5, Page 49, or c:her suitable device. Briefly 
described the ferrite phase shifter consists of 
25 a hollow cylinder of ferrite material positioned 
in a waveguide through which rhe energy to 
be delayed is propagated. The ferrite material 
produces a wave slowing effect which is the 
equivalent of a phase shift. One or more wires 
30 is passed through the hole in the ferrite mate- 
rial. The amount of current passing through 
the wires determines tire amount of phase shift 
provided by die ferrite material. Therefore, by 
varying the control current through each phase 
35 shifter, the phase of each of the outputs 
21 28 can be varied with respect to each of 
the ether of said outputs. 

In Fig. 4 the signal to be delayed is coupled 
to the waveguide contained in the phase shifter 
40 by one of the leads 21 — 28. The signal that 
controls the amount of phase shift is coupled 
to the phase shifters 31 — 38 from the beam 
positioning computer 30. For convenience, this 
coupling is indicated by a single line leading 
45 from the computor 30. In practice, there will 
be individual connections from the computor 
to the respective phase shifters 31 — 3S, and 
the single line shown may be taken to represent 
a multiconducior cable. The beam positioning 
50 computer 30 derives the required phase shifter 
control signals from the elevation signal 
coupled thereto from the signal control gen- 
erator 29 by way of rotary joint 17. The man- 
ner in which the necessary phase shifter signals 
55 are derived from the elevation control signal 
is well known in the art. 

The outputs cf phase shifters 31 — 38 are 
individually coupled to their corresponding 
row power dividers 39 — 46. Each of the row 
60 power dividers distributes the energy coupled 
to it among the radiating elements that com- 
prise one of said columns cf radiating elements 
L. Fig. 7 illustrates a typical row power di- 
vider which consists of T junctions 57 — 59. 
65 Energy coupled ro T junction 57 from one 



of the phase shifters 31—38 is divided into 
four equal parts which are individually coupled 
•to the elements that comprise radiating ele- 
ments 10 that comprise one of said column 
of elements L. As with the column power di- 70 
vider, for a particular application it may be 
desirable to have a different amount of energy 
coupled to the elements that comprise one of 
said columns of elements or a variable amount 
of energy coupled to said elements. The row 75 
power divider may be readily constructed to 
meet either of these requirements. 

While the beam is positioned within the ele- 
vation plane by adjusting the phase of the 
energy coupled to the elements that comprise 80 
each" of said rows as described above, the azi- 
muth plane is positioned at the desired location 
by coupling rhe azimuth signal from signal 
control generator 29 to synchronous motor 18. 
A gearing system causes the rotary mount 15 85 
to rotate when synchronous motor 18 is ad- 
vaied by the elevation control signal: As de- 
scribed in conjunction with the descrption of 
Fig. 5, ihe beam can therefore be caused to 
propagate in any direction desired. 90 

An array antenna in accordance widi the 
present invention can be construcrted so that 
the radiating elements 10 propagate either cir- 
cular or linear polarizaion and the elements 
may be arranged so that the scan plane due 95 
to phase shifting lies in the electric field plane, 
•the magnetic field plane or any intercardinal 
plane. However, there is particular advantage 
to arranging the array as illustrated in Figs. 
1 and 2 so that the waveguides ^propagate only 100 
the dominant mode, the TB10 mode, and the 
waveguides within each column L are stacked 
in the direction of the magnetic field vector. 

As is illustrated in Fig. 1 and more clearly 
shown in Fig. 2, each waveguide has an aspect 105 
ratio of approximately 2 : 1, i.e., the length is 
approximately twice the width. Having this 
aspect ratio insures that only the TE10 mode 
propagates, therefore there is no cross poliari- 
zation and the electric field vector is always 110 
perpendicular to die length 1. 

Since all the waveguides in each column of 
waveguides have energy of the same phase 
coupled to them, stacking the waveguides 
within each column so that the magnetic field 115 
vectors in each waveguide lie along the same 
axis makes each column of waveguides func- 
tion as a single waveguide having a large aper- 
ture perpendicular to the electric field vector. 
Each column of waveguides will therefore pro- 120 
duce a fan shaped beam which lies in the plane 
of -the electric field vector. The combined ef- 
fect of all the columns of raditing elements 
is to produce a narrow beam of electromagne- 
tic energy which can be positioned anywhere 125 
within the plane of the electric field vector 
by varying the phase of the energy coupled 
to the elements comprising different columns 
of radiating elements. 

Propagation in the plane of the electric field 130 
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vector is possible over the entire plane includ- 
ing the end-dire direction. However, propaga- 
tion in the magnetic field plane is limited to 
something less *tihan 90 degrees, it being totally 

5 impossible to propagate in the end-fire direc- 
tion in the magnetic field plane. Since in the 
present invention the beam is always propagat- 
ed in die plane of the electric field vector, 
it is possible to scan a hemisphere, whereas 

10 in a 6illy phased array, where steering is ac- 
complished in all directions by phase shifting, 
iit is 'impossible to scan a hemisphere since 
steering is limited in the direction of the mag- 
netic field vector. 

15 As previously stated, the Fig. 2 antenna 
structure includes a thin sheet of dielectric 
material 13 parallel to and separated from the 
'face of rihe array of radiating elements 10. The 
dielectric sheet 13 is attached to the array 

20 around the periphery by suitable fasteners. 
Thin flat strips of conduotive material 14 are 
attached to dielectric sheet 13, each strip 14 
running the length of the dielectric sheet per- 
pendicular to the electric field vector of the 

25 array. There is one conduotive strip corre- 
spondng to each column of radiating elements. 
The conductive strips 14 collectively have di- 
electric characteristics over the range of oper- 
ating frequencies and 'thereby provide impe- 

30 dance matching between the array of radiating 
elements 10 and free space. This impedance 
matching structure also provides environmen- 
tal protection for .the openings in the radiating 
elements 10. 

35 There are design criteria applicable to any 
phased array .which apply to the present inven- 
tion and which will be apparent (to 'those skilled 
in the art. For example, in choosing (the cross 
sectional size of radiating elements 10, there 

40 are the conffHoting requirements that a larger 
aperture produces better focusing while too 
large a spading between centers of the elvents 
may result an the propagation of grading lobes; 
i.e., energy propagated in other than the main 

45 beam. For (the rectangular grid of elements 
illustrated in both Figs. 1 and 2, grating lobes 
will be avoided if the center-to-center spacing 
between the elements in ithe direction of the 
electrical field vector is less than one half the 

50 free space wavelength at 4he highest frequency 
of die operating band. Typically, the cemer- 
tio^center spacing may be in the order of 0.4 
times the free space wavelength. 
WHAT WE CLAIM IS: — 

55 1. A rotatable directional antenna which re- 
mains substantiality tfhish with adjacent sur- 
faces over a range of beam positions, compris- 
ing: 

an array of radiating elements responsive to 
60 supplied RF energy to collectively propagate 
a narrow beam of dectromagnetic energy; 

means for supplying RF energy which is to 
be propagated; 
first means for varying the phase of the 
65 energy supplied to one or more of said radiat- 



ing elements so as to cause the narrow beam 
of electomagneric energy to be positioned at 
different beam angles, all of said beam posi- 
tions lying in a plane which includes the 
broadside axis of ithe array; 70 

and second 'means for relating the array of 
radiating elements about the broadside axis of 
the array so as to cause the plane within which 
•the beam position can be varied to rotate about 
said axis while die antenna remains substan- 75 
tially flush with the adjacent surfaces; 

whereby the antenna remains substantially 
flush with the adjacent surfaces as die narrow 
beam of electromagnetic energy scans a region 
in space. 80 

2. An antenna as claimed in claim 1, in 
which 't!he array of radiating elements consists 
cf a plurality of parallel columns of radiating 
elements having energy of substantially equal 
phase coupled to all the elements that comprise 85 
any one of said columns and said first means 
vanes die phase of ithe energy coupled to said 
elements with respect to the energy coupled 

to the elements comprising other of said co- 
lumns for causing the narrow beam of electro- 90 
magnetic energy to be positioned at different 
beam angles wMAn. sard plane. 

3. An antenna as claimed in claim 1 or claim 
2, in which the array of radiating elements 
comprises a plurality of linearly polarized ra- 95 
diating elements for collectively propagating a 
narrow beam of electromagnetic energy in ithe 
plane of rthe electric field vector and in which 

the narrow beam of electromagnetic energy is 
positioned at different beam angles within the 100 
plane of the electric (field vector. 

4. An antenna as claimed tin any of the pre- 
ceding claims, wherein (the radiating elements 
within each column are stacked in die direction 

of the magnetic field vector. 1 05 

5. An antenna according to claim 1, in 
which sa5d array is a planar array of linearly 
polarized radiating elements arranged in a 
plurality of closely spaced parallel columns, 
each of said elements being arranged to propa- 110 
gate only (tihe dominant mode of a waveguide, 

the elements within each column being stacked 
in the direction of itfoe magnetic field vector 
so as to collectively propagate a narrow beam 
of eiectromagnotic energy in the plane of the 115 
electric field vector; 

the amenna comprising means for dividing 
the supplied RF energy among the columns 
of radiating elements so that energy having 
substantially the same phase is coupled to all 120 
of the radiating elements that comprise a co- 
lumn of elements, 

[means for providing azimuth and elevation 
information signals which in combination de- 
fine the desired beam position, 125 

means for deriving from the elevation infor- 
atron signal a plurality of phase information 
signals suitable for controlling the position of 
the radiated beam within the plane of the dec- 
ric field vector, 130 
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a plurality of phase shifters each responsive 
to one of the outputs of said dividing means 
and to one of said phase information signals 
for individually controlling the phase of the 

5 energy coupled to the radiating elements that 
comprise a column of elements with respect 
to the phase of the energy coupled to others 
of said elements so as to cause the narrow 
•beam of electromagnetic energy to be posi- 

10 ioned within the plane of the electric field vec- 
or in accordance With said elevation informa- 
ion, 

and said second means comprising a rotary 
mount for supporting the radiating elements, 
15 and . 

means responsive to die azimuth informa- 
tion to mechanically rotate the rotary mount 
about the broadside axis of the array to posi- 
tion the plane of the electric field vector in 
20 accordance with said azimuth information. 

6. An antenna as claimed in any of the pre- 
ceding claims, in which the array of radiating 
elements consists of slots or holes in a conduc- 



tive ground plane arranged on a substantially 
flat circular rotatable member. 25 

7. An antenna as claimed in any of the pre- 
ceding claims, which additionally includes a 
thin sheet of di-electric material parallel to and 
separated from the array of radiating elements 
and a plurality of thin flat straps of conductive 30 
material mounted on said dielectric sheet, said 
conductive strips collectively having dielectric 
characteristics over the desired range of wave- 
lengths for providing impedance matching 
between «the array of radiating elements and 35 
free space. 

8. A rotatable directional antenna substan- 
tially as hereinbefore described with reference 
to the accompanying drawings. 

MICHAEL BURNSIDE & COMPANY, 
Chartered Patent Agents, 
36 Westminster Palace Gardens, 
A rti l lery Row, 
London, S.W.I. 
Agents for the Applicants. 
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